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Given the demographic development, which is characterized by an increasing life expectancy
and a simultaneous decrease in birthrates, the age structure of the working population has been
changing. The employment rate of individuals between 55 and 64 years has increased, particu-
larly during the last ﬁve years, whereas the employment rate of individuals between 15 and 24
years has decreased in the same time period.
In an economy where knowledge is one of the important production factors and information pro-
cessing is based on information and communication technologies (ICT), an eﬃcient relationship
between human capital and ICT usage is crucial for the successful performance and competitive-
ness of ﬁrms. As several studies show that older workers are less likely and less qualiﬁed to use
ICT compared to younger employees, the question whether ﬁrms of the ICT-intensive service
sectors with a high share of older workers are less likely to adopt new technologies arises. The
results of this paper show that ﬁrms with a higher share of younger employees are more likely
to adopt new technologies, and that the older the workforce is, the less likely is the adoption of
new technologies.
Furthermore, there seem to be complementarities between the human capital of younger and
older workers. Younger workers are more comfortable with the use of ICT and may learn more
quickly. Older employees are more experienced and have a better knowledge of the intra-ﬁrm
structure and the operating process. Thus, a heterogenous rather than a homogenous age struc-
ture of the workforce may be a supportive factor for the adoption of new technologies. The
results of this paper however reveal that the distribution of the age of the workforce has no
signiﬁcant impact on the probability of adopting new technologies.
Previous studies ﬁnd a complementary relationship between the use of ICT and modern human
resource practices. Furthermore, the use of innovative workplace practices may provide a better
environment for the adoption of new technologies. On the other hand, there is some empirical
evidence that innovative workplace practices are negatively related to the employment of older
workers. Since innovative workplace practices seem to have adverse relationships with ICT and
new technologies on the on the one hand and the employment of older workers on the other hand
this paper closes a research gap by analyzing the joint impact of the age of the workforce and
the enhancement of teamwork as a tool of workplace organization on the probability of adopting
new or signiﬁcantly improved technologies. The results show that ﬁrms which have enhanced
their teamwork and have a higher share of employees being younger than 30 years are less likely
to adopt new or signiﬁcantly improved technologies whereas ﬁrms that enhanced their teamwork
and have a higher share of workers aged between 40 and 55 years are more likely to adopt new
technologies.Zusammenfassung
Aufgrund der durch einen Anstieg der Lebenserwartung und einen gleichzeitigen R¨ uckgang
der Geburtenrate gekennzeichneten demograﬁschen Entwicklung hat sich die Altersstruktur
der arbeitenden Bev¨ olkerung ver¨ andert. So ist die Besch¨ aftigungsquote der 55-64-j¨ ahrigen ins-
besondere in den vergangenen f¨ unf Jahren angestiegen, w¨ ahrend gleichzeitig ein R¨ uckgang der
Besch¨ aftigungsquote der 15-24-j¨ ahrigen erfolgt ist.
In einer Volkswirtschaft, in der Wissen ein wichtiger Produktionsfaktor ist und Informations-
und Kommunikationstechnologien (IKT) zur Verarbeitung von Informationen ben¨ otigt werden,
ist eine eﬃziente Verzahnung von Humankapital und IKT f¨ ur den Erfolg und die Wettbe-
werbsf¨ ahigkeit von Unternehmen entscheidend. Mehrere Studien belegen, dass die Wahrschein-
lichkeit der Anwendung von IKT bei ¨ alteren Arbeitnehmern geringer ausgepr¨ agt ist als bei
j¨ ungeren Arbeitnehmern, und erstere hierf¨ ur auch weniger qualiﬁziert sind. Daher stellt sich die
Frage, ob Unternehmen aus IKT-intensiven Dienstleistungssektoren, die einen hohen Anteil an
¨ alteren Besch¨ aftigten haben, eine geringere Wahrscheinlichkeit des Einsatzes neuer Technologien
aufweisen. Die Ergebnisse der vorliegenden Arbeit zeigen, dass Unternehmen, die einen h¨ oheren
Anteil an j¨ ungeren Besch¨ aftigten haben, eine h¨ ohere Wahrscheinlichkeit aufweisen, neue Tech-
nologien einzusetzen. Je ¨ alter die Belegschaft eines Unternehmens ist, desto geringer ist dessen
Wahrscheinlichkeit neue Technologien einzusetzen.
Des Weiteren scheinen Komplementarit¨ aten zwischen dem Humankapital von j¨ ungeren Besch¨ af-
tigten und dem von ¨ alteren Besch¨ aftigten zu existieren. J¨ ungeren Besch¨ aftigten f¨ allt der Umgang
mit IKT leichter und sie lernen tendenziell schneller. ¨ Altere Besch¨ aftigte sind erfahrener und
besitzen ein gr¨ oßeres Wissen ¨ uber ﬁrmeninterne Strukturen und den Betriebsablauf. Daher
ist eine heterogene Alterstruktur f¨ ur die Wahrscheinlichkeit des Einsatzes neuer Technologien
m¨ oglicherweise vorteilhafter als eine homogene Alterstruktur. Die Ergebnisse der vorliegenden
Arbeit zeigen jedoch, dass die Altersverteilung keine Auswirkungen auf die Wahrscheinlichkeit
des Einsatzes neuer Technologien hat.
Laut vorherigen Studien besteht ein komplement¨ arer Zusammenhang zwischen der Nutzung
von IKT und der Anwendung moderner Methoden der Personal- und Arbeitsorganisation. Des
Weiteren kann durch die Anwendung innovativer Methoden der Arbeitsorganisation m¨ oglicher-
weise ein g¨ unstigeres Umfeld f¨ ur den Einsatz neuer Technologien geschaﬀen werden. Auf der
anderen Seite gibt es empirische Evidenz daf¨ ur, dass die Anwendung innovativer Methoden
der Arbeitsorganisation mit der Besch¨ aftigung ¨ alterer Arbeitnehmer negativ korreliert ist. Da
die Anwendung innovativer Methoden der Arbeitsorganisation eine gegens¨ atzliche Beziehung
mit der Anwendung von IKT und neuen Technologien einerseits und mit der Besch¨ aftigung
¨ alterer Arbeitnehmer andererseits zu haben scheint, wird mit dieser Arbeit eine Forschungsl¨ ucke
geschlossen, da die gemeinsame Auswirkung von Alterstruktur der Belegschaft und Verst¨ arkung
der Gruppenarbeit als Methode der Arbeitsorganisation auf die Wahrscheinlichkeit des Einsatzes
neuer oder wesentlich verbesserter Technologien untersucht wird. Die Ergebnisse zeigen, dassUnternehmen, die Gruppenarbeit verst¨ arkt haben und einen h¨ oheren Anteil an unter 30-j¨ ahri-
gen besch¨ aftigen, eine geringere Wahrscheinlichkeit aufweisen, neue bzw. wesentlich verbesserte
Technologien einzuf¨ uhren; wohingegen Unternehmen, die Gruppenarbeit verst¨ arkt haben und
einen gr¨ oßeren Anteil an 40-55-j¨ ahrigen besch¨ aftigen, eine h¨ ohere Wahrscheinlichkeit des Ein-
satzes neuer Technologien aufweisen.
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Abstract: This paper provides ﬁrm-level evidence for the relationship between the age struc-
ture of the workforce and the adoption of new or signiﬁcantly improved technologies in service
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Given the demographic development, which is characterized by an increasing life expectancy
and a simultaneous decrease in birthrates, the age structure of the working population has been
changing. The employment rate of individuals between 55 and 64 years has increased, particu-
larly during the last ﬁve years. In the EU-25 the employment rate of this age group has increased
by 5.9 percent from 2000 to 2005 and amounted to about 42 percent in 2005. The employment
rate of individuals between 15 and 24 years has decreased by about 1.3 percentage points in the
same time period (Eurostat 2007). This development has two implications. Firstly, the working
population is getting older and secondly, the composition of the workforce in terms of age is
changing.
In an economy where knowledge is one of the important production factors and information pro-
cessing is based on information and communication technologies (ICT), an eﬃcient relationship
between human capital and ICT usage is crucial for the successful performance and competi-
tiveness of ﬁrms. This is particularly true in the case of knowledge-intensive service providers
(e.g. tax consultancy and accounting, architecture) and for information and communication
technology service providers (e.g. telecommunication services, software and IT services).1 The
ﬁrst reason for this is the intensive use of ICT in these sectors, which rely on a continuous adop-
tion of new technologies and software. The second reason is that for these ﬁrms the structure,
quality and in-house organization of human capital are exceptionally important aspects in the
production of the services they provide.
The rapid technological progress and the fast decline in knowledge on the one hand and the
demographic development on the other hand provide a great challenge for the ﬁrms. Several
studies show that older workers are less likely and less qualiﬁed to use ICT compared to younger
employees (e.g. de Koning and Gelderblom 2006, Schleife 2006). Since ﬁrms of the ICT and
knowledge-intensive service sector depend on ICT and the permanent adoption of its improve-
ments, and since older workers have an issue with ICT use, the question whether ﬁrms of the
mentioned sectors with a high share of older workers are less likely to adopt new technologies
arises. This paper tries to answer this question by analyzing the relationship between the age
of the workforce and the probability of adopting new technologies. The empirical analyses are
based on a data set of 356 German ﬁrms from the knowledge-intensive services sector and the
ICT services sector. Thus, they provide ﬁrm-level evidence on that issue for part of the service
sector. The results show that ﬁrms with a higher share of younger employees are more likely to
adopt new technologies, and that the older the workforce is, the less likely is the adoption of
new technologies.
Furthermore, there seem to be complementarities between the human capital of younger and
older workers (Lazear 1998). Younger workers are more comfortable with the use of ICT and may
learn more quickly. As from a gerontological point of view, the ﬂuid part of the brainpower-the
part which is responsible for eﬃciently processing information and for adapting to new situations
1These sectors contribute to about eight percent of the German sales (Statistisches Bundesamt 2006).
1- decreases with age. By contrast, the cristalline intelligence, comprising verbal competence and
experience, rather increases with age. Older employees are more experienced and have a better
knowledge of the intra-ﬁrm structure and the operating process. Thus, a heterogenous rather
than a homogenous age structure of the workforce may be a supportive factor for the adoption
of new technologies. The results of this paper however reveal that the distribution of the age of
the workforce has no signiﬁcant impact on the probability of adopting new technologies.
Previous studies ﬁnd a complementary relationship between the use of ICT and modern hu-
man resource practices, such as team work, ﬂat hierarchies and performance-related wages
(Bresnahan, Brynjolfsson, and Hitt 2002, Bertschek and Kaiser 2004). Furthermore, the use
of innovative workplace practices may provide a better environment for the adoption of new
technologies (Gera and Gu 2004, Webster 2004). On the other hand, there is some empirical
evidence that innovative workplace practices are negatively related to the employment of older
workers (Beckmann 2001, Aubert, Caroli, and Roger 2006). This suggests that older employees
and innovative workplace practices do not ﬁt well together. Since innovative workplace practices
seem to have adverse relationships with ICT and new technologies on the on the one hand and
the employment of older workers on the other hand this paper closes a research gap by analyzing
the joint impact of the age of the workforce and the enhancement of teamwork as a tool of work-
place organization on the probability of adopting new or signiﬁcantly improved technologies.
The results show that ﬁrms which have enhanced their teamwork and have a higher share of
employees being younger than 30 years are less likely to adopt new or signiﬁcantly improved
technologies whereas ﬁrms that enhanced their teamwork and have a higher share of workers
aged between 40 and 55 years are more likely to adopt new technologies. Thus, it seems that
ﬁrms with a certain age structure need appropriate workplace organization in order to keep up
with the technological development and therefore to stay competitive.
This paper is organized as follows: The second section reviews the background discussion in the
existing economic literature on the relation between older workers, ICT and technology adoption
and workplace organization. This is followed by a description of the used data, the 46th wave of
the quarterly business survey among “service providers of the information society” conducted
by the Centre for European Economic Research (ZEW), and some descriptive statistics. In
the fourth section the estimation strategy and the empirical results are presented. Section ﬁve
concludes and gives an outlook on further demands on research.
2 Background Discussion
This paper focuses on the relationship between the age structure of the workforce and the adop-
tion of new or signiﬁcantly improved technologies or software in ICT and knowledge-intensive
service providing ﬁrms. Furthermore, it takes enhancement of teamwork as a tool of innovative
workplace organization into account. Therefore it is related to several strands of the literature.
First, there is the literature on older workers and ICT. Furthermore, as the adoption of new
2technologies in the IT-related services sectors can be seen as a process innovation,2 the literature
on older workers and process innovations is also relevant. There are several studies using indi-
vidual data that show that older workers are less likely and less qualiﬁed to use ICT compared
to younger employees. Friedberg (2003) analyzes the relationship between computer use at work
and the age of the workers by using individual data on American workers in the year 1993. Her
results reveal that workers who are younger than 60 years use a computer more often than work-
ers who are older than 60 years. Using individual-level data from 1997 of German male workers
Schleife (2006) ﬁnds that the probability of computer use among workers aged between 55 and
64 years is signiﬁcantly lower than that of workers between 25 and 34 years. Borghans and ter
Weel (2002) and de Koning and Gelderblom (2006) show in their analyses that the computer
skills of younger employees are better than those of older workers. De Koning and Gelderblom
(2006) additionally show that the probability of using complicated ICT applications at work is
lower among workers above 50 years. Other papers analyze the reverse eﬀect: How does the use
of IT or the adoption of new technologies aﬀect the share of older workers? Bertschek (2004)
shows in her analysis with German ﬁrm level data that the higher the IT-intensity, the lower
the share of employees being 50 years or older. There is only weak empirical evidence for the
opposite. Beckmann (2001) ﬁnds that there is a positive relationship between a ﬁrm’s invest-
ment in IT and its employment of older workers. He measures ICT usage by using a dummy
variable for ICT investments. This dummy variable, however, does not reﬂect to what extent
the employees are aﬀected by the corresponding investment in ICT.
The literature on the so-called age-biased technological change using ﬁrm-level data ﬁnds that
technological progress negatively impacts the share of older workers or older low-skilled workers
(Behaghel and Greenan 2007). Aubert, Caroli, and Roger (2006) examine the impact of inno-
vations on the wage-bill share of workers from diﬀerent age groups in France. They ﬁnd that
the wage-bill share of older workers (aged 50 years and above) is lower in innovative ﬁrms, i.e.
innovative ﬁrms tend to be biased against age. Beckmann (2005) ﬁnds that technological change
has a negative impact on the share of older employees in West German ﬁrms. Schneider (2007)
uses a linked employer-employee approach to analyze the impact of the age structure of the
workforce on product innovations of German manufacturing ﬁrms. He ﬁnds signifcant eﬀects of
the age structure of the workforce on the technological innovativeness and an inverse u-shaped
age innovation proﬁle. There are only few empirical investigations that analyze the relation be-
tween process innovation and the age of the workforce in manufacturing ﬁrms. Rouvinen (2002)
analyzes the characteristics of product and process innovations in the Finnish manufacturing
sector. He ﬁnds that an increasing average age of the employees, although he uses this vari-
able as proxy for ﬁrm age, reduces the probability of process innovation. Another analysis that
examines the relation between innovation and the age of the workforce comes from Nishimura,
2According to the Oslo Manual (OECD, Eurostat 2005), “a process innovation is the implementation of a
new or signiﬁcantly improved production or delivery method”. This includes signiﬁcant changes in equipment,
techniques and/or software (OECD, Eurostat 2005). The ﬁrms of these service industries do not invent or create
new processes. As Hempell (2003) states, the service providing ﬁrms, especially those of the knowledge-intensive
branches rely on the inputs of the industry. Thus, a process innovation is a change in the process of creating
services, caused by the introduction of new technologies or software, provided by the industry or other service
providers.
3Minetaki, Shirai, and Kurokawa (2004). They investigate the interaction between age and the
qualiﬁcation of the employees and its impact on technological progress in Japanese industries.
Using only a small sample, they ﬁnd no signiﬁcant impact of older workers (above 40 years)
with high qualiﬁcation (share of old workers with high education to the total labor inputs) on
the rate of technological progress in non-manufacturing industries. However, they ﬁnd that the
share of older workers with a high qualiﬁcation reduced the rate of technological progess in the
manufacturing industries in the 1990s.
The relationship between technological change and ICT on the one hand and older workers on
the other hand is explained by two main hypotheses: (1) Using two data sets from the U.S.,
Friedberg (2003) states that the less frequent use of computers by older workers is related to
their imminent retirement. Investing in their computer skills does not pay oﬀ any longer. Fried-
berg (2003) ﬁnds that computer users tend to retire later than non-users which is probably
due to comparative advantages and because they are ready to invest in training. Furthermore,
her results reveal that the less frequent use of computers by older workers can be explained by
the diﬀerences according to occupations and education. Empricial evidence for Germany found
by Schleife (2006) suggests that age does not play a signiﬁcant role in the retirement decision
when other factors such as qualiﬁcation, work experience, etc. are considered. Borghans and ter
Weel (2002) even ﬁnd that the imminent retirement of older workers is no signiﬁcant parameter
aﬀecting the non-use of computers. The discussion about technological change and the retire-
ment decision is related to the vintage human capital models (MacDonald and Weisbach 2004).
Within technological change and innovation human capital may become obsolete. Thus, older
workers may resist to innovation when their human capital might be depreciated. (2) Wein-
berg (2004) argues from a diﬀerent point of view. He states that the ability to learn how to
use a computer declines with increasing age. This is in line with the so-called “deﬁcit-model”
that explains the process of aging from a gerontological point of view. This model assumes
that older people loose important features, showing defects and deﬁcits compared to younger
ones. This aﬀects physical (declining physical strength or decelerated reactions) and psychic
skills (cutback of brainpower, especially of ﬂuid brainpower which is needed amongst others for
new solutions and a fast processing of information (B¨ orsch-Supan, D¨ uzg¨ un, and Weiss 2006))
as well as limited interests and reduced social activities (Walter 1995). This can be related to
the economic context and the labor market. Asked what kind of attributes emerge in which
age group and how important those features are, personnel oﬃcers reply that in general older
workers show a lower learning aptitude, a lower willingness to learn or ﬂexibility compared to
younger workers (Boockmann and Zwick 2004). These skills, however, are especially important
for the implementation of process innovation in terms of adopting new technologies or software.
Another important aspect is the age distribution within the workforce. As Lazear (1998) already
states, there are complementarities between the human capital of younger and older workers.
Younger employees are more comfortable with the use of ICT and older employees have a better
knowledge of the intra-ﬁrm structures and the operating process. Therefore, the complemen-
tarities between older and younger workers can be eﬀective, especially in the case of adopting
4new technologies or software in the process of service creation. The motivation and the attitude
towards using technology (Morris and Venkatesh 2000) of younger workers can lead to spill-over
eﬀects. On the one hand the younger employees can help the older ones by explaining them the
innovations, while on the other hand sharing their enthusiasm with them.
Empirical evidence of the success of age-mixed teams can be found in the analysis of Grund
and Westergard-Nielsen (2008). In a diﬀerent context they ﬁnd an inverse u-shaped relation
between the average age of the employees and its standard deviation and ﬁrm productivity.
This means it is better to have a heterogenous workforce than a homogenous one, as long as it is
not too heterogenous. Pelled, Eisenhardt, and Xin (1999) ﬁnd a positive interrelation between
age heterogeneity and group performance by analyzing 45 teams of 3 ﬁrms although the group
performance is only evaluated by the team manager. This result is supported by the work of
Kilduﬀ, Angelmar, and Mehra (2000) who use data of 159 managers playing a business game.
The analysis of Simons, Pelled, and Smith (1999), however, reveals the opposite: They ﬁnd a
negative relationship between heterogeneity of age and the growth of sales analyzing data of 57
manufacturing ﬁrms.
There is a broad literature suggesting that the implementation of new IT systems often goes
hand in hand with organizational changes in ﬁrms. Thus, IT investments and organizational
investments are interpreted as strategic complementarities (Brynjolfsson and Hitt 2000, Bres-
nahan, Brynjolfsson, and Hitt 2002, Bertschek and Kaiser 2004). This discussion is mainly
focussed on decentralizing organizational measures which imply a greater involvement of em-
ployees in decision-making processes and an enlargement of their responsibilities. Some ex-
amples are team work, ﬂat hierarchies, autonomous working groups or incentive pay - mea-
sures supposed to positively aﬀect the information ﬂow within ﬁrms and the motivation of the
employees. The use of innovative workplace practices such as teamwork and ﬂat hierarchies
(Gera and Gu 2004, Webster 2004) may provide a better environment for the adoption of new
technologies because of the existing complementarities (Milgrom and Roberts 1990, Hitt and
Brynjolfsson 1997, Bresnahan, Brynjolfsson, and Hitt 2002). The implementation of a new in-
formation and communication system or a new software system often requires a restructuring
of the ﬁrm to use the new system eﬃciently. Thus, it is likely that the workplace organiza-
tion has to be changed accordingly to make the operating process more eﬃcient. On the other
side, it is also possible that the introduction or enhancement of teamwork and the ﬂattening
of hierarchies may have an impact on the probability of introducing new technologies or software.
Taking into account the complementary relationship between ICT and workplace organization,
there is also some empirical evidence on the relationship between older workers and organiza-
tional structures. These studies ﬁnd that innovative workplace practices granting more decision-
making authority and responsibility to employees are negatively related to the employment of
older workers. Using West German ﬁrm level data for the years 1993 to 1995 Beckmann (2001,
2005) ﬁnds that organizational changes have signiﬁcantly negative eﬀects on the percentage share
of workers aged 50 or more. Aubert, Caroli, and Roger (2006) provide empirical evidence for
5France using linked employer-employee data. They ﬁnd that an increase in the use of innovative
workplace practices in the ﬁrm comes along with a decline in the percentage share of older work-
ers. However, it is not only the internal organization that may aﬀect the probability to introduce
new technologies or software, but also the external environment of the ﬁrm plays a role. The
market and customers with their requirements (de Jong, Bruins, Dolfsma, and Meijaard 2003)
and the competitive situation may result in the need to introduce new technologies or software
to keep up with the surrounding development.
3 Data and Descriptive Statistics
The data used for the empirical analyses is taken from the quarterly business survey among the
“service providers of the information society” conducted by the Centre for European Economic
Research (ZEW) in cooperation with the credit rating agency Creditreform. The sector “service
providers of the information society” comprises nine industries belonging to the information and
communication technology service providers (e.g. software and IT services) and the knowledge-
intensive service providers (e.g. tax consultancy and accounting).3 Every quarter a single-page
questionnaire is sent to about 3,500 mostly small- or medium-sized ﬁrms. At each wave, the
survey achieves a response rate of about 25%. It is a random sample, stratiﬁed with respect to
company size, region and sector aﬃliation. The questionnaire is divided into two parts. In the
ﬁrst part, ﬁrms assess their current business development with respect to the previous quarter
as well as their expectations for the next quarter. The second part is dedicated to questions
concerning current economic issues, ICT diﬀusion or particular information about the ﬁrms e.g.
their innovative activities or training behavior. The questions of the second part change quar-
terly with selected questions being repeated annually. The survey is designed as a panel.4 This
paper uses the data of the 46th wave (3rd quarter 2005).5 Due to item non-response the number
of observations is reduced and thus the ﬁnal data set composes 356 ﬁrms with at least 2 and at
most 250 employees.
Former waves of the data have previously been used to analyze the productivity eﬀects of organi-
zational change (Bertschek and Kaiser 2004) and the relationship between managerial ownership
and ﬁrm performance (Mueller and Spitz-Oener 2006).
The adoption of new or signiﬁcantly improved technologies and software is represented by a
dummy variable.6 The share of employees in four age groups (younger than 30 years, between
3For further details on the nine industries, their industrial classiﬁcation and their distribution within the
sample see the appendix and Table A.1 in the appendix.
4Although the question concerning the technology adoption has been asked for the fourth time, panel data
estimations cannot be provided. The survey among “service providers of the information society” is a very versatile
data set where ﬁrms take part on an irregular basis. The use of the panel data causes a great loss of observations
and unobserved heterogeneity could not be taken into account because there is only a very tiny fraction of ﬁrms
for which data are available for more than two periods in a row.
5The 46th wave of the survey includes information on the age structure of the workforce, the qualiﬁcation level
of the employees, the implemented process, product and organizational innovations, the export activity and the
existence of foreign competitors.
6The ﬁrms answered the following question: Did you adopt new or signiﬁcantly improved technologies in the
last 12 months (e.g. new electronic data processing systems, Internet)?
630 and 40 years, between 40 and 55 years and older than 55 years) are used to analyze how the
age of the workforce aﬀects the adoption of new technologies or software.7 In a second step, the
shares of the employees in the four age groups are used to calculate a Herﬁndahl index, measur-
ing the concentration of the employees age in the ﬁrm. Furthermore, interactions between the
shares of employees in these age groups and a dummy variable for enhancement of teamwork
are provided to test whether complementarities exist.8
Table 3.1 shows some descriptive statistics of the data for the whole sample. It compares those
ﬁrms that have adopted new or signiﬁcantly improved technologies in the last twelve months to
those ﬁrms that have not. It becomes clear that there are some diﬀerences. As expected, the
share of younger employees is higher and the share of older employees is lower in ﬁrms that have
adopted new technologies. In ﬁrms that have adopted new or signiﬁcantly improved technolo-
gies, the share of employees younger than 30 years is about 25.1 percent on average, compared
to 19.1 percent in ﬁrms that have not adopted new technologies. The share of employees being
55 years and older is about 12.5 percent in ﬁrms that have not adopted new or improved tech-
nologies compared to about 9.6 percent in the ﬁrms that have adopted technologies. Most of
the employees belong to the so-called prime-age workers between 30 and 55 years, in the whole
sample these are about 66.8 percent of the employees.
The distribution of the age of the workforce measured by the Herﬁndahl index does not diﬀer
signiﬁcantly between the ﬁrms that have adopted new technologies and those that have not. The
Herﬁndahl index lies between zero and one, and the higher it is the stronger is the concentration
of age within the workforce. For ﬁrms that have adopted new technologies the Herﬁndahl index
is about 0.41. It is 0.42 for ﬁrms that have not adopted new technologies.
Table 3.1: Descriptive statistics
Feature Firms that adopted Firms that did not Total
new technologies adopt new technologies sample
share of employees younger than 30 years 25.1% 19.1% 22.2%
share of employees between 30 and 40 years 32.8% 32.4% 32.6%
share of employees between 40 and 55 years 32.5% 36.0% 34.2%
share of employees older than 55 years 9.6% 12.5% 11.0%
Herﬁndahl index 0.41 0.42 0.41
share of highly qualiﬁed employees 38.7% 36.9% 37.8%
enhancement of teamwork 48.2% 31.2% 36.8%
changed customer requirements 79.3% 55.2% 67.6%
foreign competitors 58.6% 46.7% 52.7%
exporters 35.8% 34.5% 35.2%
ﬁrm size (number of employees) 39.2 34.3 36.8
ﬁrm age (in years) 16.8 15.1 15.9
Source: ZEW, own calculations
When ﬁrms that have adopted new or signiﬁcantly improved technologies are compared to those
7The share of employees being younger than 25 years and being between 25 and 30 years old have been
combinded to the group younger than 30 years.
8A list of the variables used and some summary statistics can be found in Table A.2 in the appendix.
7that have not adopted new technologies it can be seen that there is almost no diﬀerence between
them in terms of the share of highly qualiﬁed employees, in particular 38.7 percent compared to
about 36.9 percent (see Table 3.1). This seems striking as there has been a lot of discussion in the
literature on skill-biased technological change (e.g. Chennells and van Reenen 2002, Card and
DiNardo 2002), suggesting that the use of new technologies and the diﬀusion of IT change the
skill requirements (Autor, Levy, and Murnane 2003, Spitz-Oener 2006) and thus lead to an in-
crease in demand for highly qualiﬁed labor (see for instance Falk (2002) for the case of Germany).
Table 3.1 reveals that the share of ﬁrms which have enhanced teamwork as a tool of workplace
organization in the last three years is signiﬁcantly higher among ﬁrms that have adopted new
technologies than among ﬁrms that have not adopted new technologies. Among ﬁrms that have
adopted new technologies about 48.2 percent have enhanced their teamwork, compared to about
31.2 percent of the ﬁrms that have not adopted new technologies. On the one hand, this can
be a signal for the generally higher propensity to change and innovate in certain ﬁrms. On the
other hand it reﬂects the complementary relationship between ICT and workplace organization.
More than half of the ﬁrms that have adopted new technologies compete with foreign ﬁrms,
whereas this share is lower among the ﬁrms that have not adopted new or signiﬁcantly improved
technology as Table 3.1 shows. About 80 percent of the ﬁrms that have adopted new technolo-
gies say that customer or market requirements have changed during the last three years. On
the other side, only more than half of the ﬁrms that have not adopted new technologies had to
face changed customer requirements.
The exporting activities of the two types of ﬁrms diﬀer only slightly. About 36 percent of the
ﬁrms that have adopted new or improved technologies in the last twelve months export services
and about 34 percent of the ﬁrms that have not adopted new technologies do so. Moreover,
larger ﬁrms are more likely to adopt new technologies than smaller ﬁrms. Those ﬁrms that
have adopted new technologies or software in the last twelve months have on average about 39
employees, whereas ﬁrms, that have not adopted new technologies have only about 34 employees
on average. In general, the ﬁrms in the sample are rather young, about 16 years on average as
can be seen in Table 3.1, whereas ﬁrms that have adopted new technologies are somewhat older
than ﬁrms that have not adopted new technologies.
The descriptive analysis of the data also shows that the adoption of new or signiﬁcantly improved
technologies varies across industries. Firms belonging to the software and IT services branch are
most likely to adopt new technologies. Slightly more than 60 percent of these ﬁrms introduced
new technologies or software within the last twelve months. Firms belonging to the research
and development sector, however, rarely adopt new technologies, about 36 percent of these




In the following, the hypothesis that ﬁrms with a higher share of older workers are less likely
to adopt new or signiﬁcantly improved technologies is analyzed.9 The variable measuring the
decision to adopt new or signiﬁcantly improved technologies and software is a dummy variable





1 if the ﬁrm adopted new technologies
0 if the ﬁrm did not.
Thus, the decision to adopt new or signiﬁcantly improved technologies is binary, but will only
be made if the beneﬁt of the technology adoption is positive. The beneﬁt, however, cannot
be observed and therefore one can revert to an underlying latent index model to model the
binary choice. The latent variable, denoted technology adoption∗, is a function of observed
characteristics, say X, and of unobserved characteristics, say :
technology adoption∗ = β0X +  (1)
As technology adoption = 1 can only be observed if technology adoption∗ > 0, the probability
of technology adoption is given by:
prob(technology adoption = 1) = prob(technology adoption∗ > 0) = (2)
prob(β0X +  > 0) = prob(− < β0X) = F(β0X),
where F denotes the distribution function of −, respectively . Since I assume the error term
in the decision of adopting technology to be normally distributed, F indicates the cumulative
standard normal distribution Φ. Thus, it is a Probit model of the following form:
P(technology adoption = 1) = Φ(β0X). (3)
X is a vector containing the following variables. Four variables indicate the age of the workforce:
share of employees younger than 30 years (u30), share of employees between 30 and 40 years
(b3040), share of employees between 40 and 55 years (b4055) and share of employees older than
55 years (o55).10 The qualiﬁcation of the employees seems to be related to the adoption of
technology since neither the introduction nor the execution of innovations can be successfully
done without the suitable know-how. A variable presenting the share of highly qualiﬁed em-
ployees (highqual) is considered. Variables for ﬁrm characteristics as ﬁrm size (log. number
of employees, size) and ﬁrm age (in years, fage) are also included. Bigger ﬁrms may proﬁt
from emerging economies of scale. Older ﬁrms may be more traditional than their younger
9All calculations and estimations of this paper were done with STATA 10.0.
10Estimated altogether while the share of employees younger than 30 years presents the reference category.
Estimated seperately while the respective share of employees not being in the particular age group presents the
reference category.
9counterparts and therefore less inclined to change the operating process. A dummy variable for
exporting activities (exp) and a dummy variable for foreign competition (comp) are regarded.
Exporters may depend on the latest communication technologies in order to stay in contact with
their customers abroad. The enhancement of teamwork in the last three years is presented by a
dummy variable (team). Teamwork is supposed to positively aﬀect the information ﬂow within
ﬁrms and thus supports technology adoption. A dummy variable for changes in the market or
customer requirements in the last three years (req) and a dummy variable for product innova-
tion (prod) are additionally considered. The introduction of a product innovation may lead to a
change in the operating process and therefore to the adoption of new technologies. Nine dummy
variables presenting the region (East/West Germany) and the sectors are also contained.11 In
a second step, the shares of employees are replaced by the Herﬁndahl index variable (hi) that
indicates the concentration of the employees age within the ﬁrm. An interaction term between
each share of employees of a certain age group and the dummy variable enhancement of team-
work (team*u30, team*b3040, team*b4055, team*o55) is part of X.12
Four diﬀerent speciﬁcations are taken into account to check the robustness of the results. Note
however, that there might be some endogeneity problems. The age of the workforce may be en-
dogenous due to selection. On the one hand, companies might dismiss older workers who are not
productive and adaptive enough by early retirement programs, for instance. On the other hand
the ﬁrms might hire younger workers who are more comfortable with the use of ICT and more
ﬂexible regarding new technological developments. Otherwise there might be self selection when
older employees decide to leave the labor market if their workplaces are aﬀected by technological
change and if suﬃcient support by social security systems is available. Considering the devel-
opment of the percentage shares of older, middle-aged and younger workers since 2002 reveals
that the age of the workforce can be assumed to be a constant factor that does not signiﬁcantly
change within twelve months. Therefore, three other waves of the business survey among the
“service providers of the information society” are used. As Table A.3 in the appendix shows, the
average variation of the proportion of employees belonging to a certain age group over the time
period from 2002 to 2005 is only small. It seems there is no systematic selection mechanism.
This is supported by the results of the Kernel density estimations in Figure A.2 in the appendix
as well as by a Kolmogorov-Smirnov test that indicate that the distributions of the proportion of
younger, middle-aged and older workers do not diﬀer signiﬁcantly between two consecutive years.
Moreover, the dummy variable for product innovation may be endogenous, as there might be
a structural reverse causality between the adoption of new technologies and the introduction
of new or improved services. However, the data does not provide appropriate instruments to
control for this potential endogeneity.
Since the estimated coeﬃcients in a Probit model only allow to make a statement on the sig-
niﬁcance and the sign of an eﬀect but not on its extent, the analysis focuses on the marginal
eﬀects:
11The sector marketing presents the reference category.
12Only when each share of employees is estimated seperately.
10δprob(technology adoption = 1)
δu30
= Φ0(β0 + β1u30 + β2b3040 + ...)β1. (4)
The marginal eﬀect of the interaction term, which is considered in the third part of the empirical
analysis, is, by default, given by:
δprob(technology adoption = 1)
δteam ∗ u30
= β3Φ0(β0 + β1u30 + β2team + β3team ∗ u30 + ...). (5)






= Φ00(β0 + β1u30 + β2team + β3team ∗ u30 + ...) · (6)
(β2 + β3team)(β1 + β3u30) + Φ0(β0 + β1u30 + β2team + β3team ∗ u30 + ...)β3.
Since we have a Probit model, there are some implications (see Ai and Norton (2003)) that
cause the sign of the coeﬃcient (here β3) not necessarily to indicate the sign of the interaction
eﬀect. Therefore, the magnitude of the interaction eﬀect, its standard error and z-statistic are
calculated for each observation. According to Ai and Norton (2003) the standard errors are
applied by using the Delta method.
4.2 Results
Table 4.1 reports the average marginal eﬀects of the Probit estimations.13 Compared to the
share of employees younger than 30 years an increase in the share of employees older than 30
years is related to a decrease in the probability of adopting new or signiﬁcantly improved tech-
nologies, whereas the older the workforce is, the less likely is the adoption of new technologies.
Table 4.1 shows that the probability to adopt new technologies is related to a decrease of 0.34
percentage points if the share of employees between 30 and 40 years decreases by one percent
compared to the share of employees younger than 30 years (speciﬁcation (1), second column of
Table 4.1). An increase in the share of employees between 40 and 55 years by one percent is
related to a lowering of the probability of introducing new technologies by about 0.37 percent-
age points (speciﬁcation (1)). An increase in the share of workers older than 55 years by one
percent, compared to the share of workers younger than 30 years, is related to a decrease of 0.66
percentage points in the likelihood of the adoption of new technologies or software (speciﬁcation
(1)). These results are robust as they hold for all four speciﬁcations.
Estimating the respective impact of the four age groups on the probability of adopting new tech-
nologies it can be seen that ﬁrms with a higher share of employees younger than 30 years have
a higher probability to adopt new technologies. On the other hand ﬁrms with a higher share of
employees being between 40 and 55 years or older than 55 years are less likely to introduce new
13Only the marginal eﬀects are discussed in the following. Table A.4 in the appendix shows the coeﬃcients of
the Probit estimations.
11or signiﬁcantly improved technologies (see Tables A.5, A.7 and A.8 in the appendix). The share
of employees between 30 and 40 years, however, has no signiﬁcant impact on the probability of
adopting new technologies (see Table A.6 in the appendix).
In particular, an increase in the share of employees younger than 30 years is related to an in-
crease in the probability of adopting new technologies (see Table A.5 in the appendix). This
result holds for all four speciﬁcations. This may be due to two reasons: Workers younger than
30 years have a high productivity and a high potential in terms of mastering equipment and
software (Tijdens and Steijn 2005). Moreover, the knowledge of this age group may still be up
to date as their educational achievement is recent.
Table 4.1: Marginal eﬀects of Probit Estimations
dependent variable: dummy for adoption of new technologies
(1) (2) (3) (4)
share of employees younger than 30 years reference category
share of employees between 30 and 40 years -0.343∗∗ -0.366∗ -0.353∗ -0.356∗
(0.174) (0.178) (0.191) (0.182)
share of employees between 40 and 55 years -0.373∗∗ -0.483∗∗ -0.451∗∗ -0.485∗∗∗
(0.157) (0.160) (0.170) (0.182)
share of employees older than 55 years -0.659∗∗∗ -0.793∗∗∗ -0.801∗∗∗ -0.732∗∗∗
(0.228) (0.232) (0.245) (0.241)
ﬁrm size (log. number of employees) 0.017 -0.005 -0.024 -0.027
(0.024) (0.026) (0.027) (0.026)
share of highly qualiﬁed employees 0.064 0.042 0.033 0.040
(0.103) (0.114) (0.115) (0.114)
ﬁrm age 0.005∗ 0.005∗ 0.006∗∗
(0.003) (0.003) (0.003)
exporter yes/no -0.008 -0.041 -0.042
(0.064) (0.064) (0.061)
foreign competitors yes/no 0.070 0.044 0.021
(0.059) (0.061) (0.060)
change of customer requirements yes/no 0.242∗∗∗ 0.202∗∗∗
(0.064) (0.064)
enhancement of teamwork yes/no 0.123∗∗ 0.066
(0.059) (0.057)
product innovation yes/no 0.315∗∗∗
(0.060)
number of observations 356 320 284 259
McFadden R2 0.05 0.07 0.14 0.24
Signiﬁcance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1% , heteroscedasticity-robust standard errors
Dummies for sectors and East Germany are included.
An increase in the share of employees between 40 and 55 years (see Table A.7 in the appendix)
or in the share of employees older than 55 years (see Table A.8 in the appendix) is related to a
decrease in the likelihood of adopting new technologies. Hence, an older staﬀ is negatively re-
lated to the likelihood of introducing new or signiﬁcantly improved technologies in the operating
12process. This is partly in line with the ﬁnding of Schneider (2007) who ﬁnds an inverse u-shaped
age innovation proﬁle in the manufacturing sector. Furthermore, the results support the empir-
ical evidence found by Rouvinen (2002) and Nishimura, Minetaki, Shirai, and Kurokawa (2004).
They also ﬁnd a negative inﬂuence of older employees on the (process) innovation probability in
the manufacturing industries. This issue may be explained by two diﬀerent hypotheses. Firstly,
it may be that older workers have more problems to adopt to changes in the operating process,
especially when they have had a longer tenure. This is supported by the “deﬁcit-model” men-
tioned before and by the study of Morris and Venkatesh (2000). This eﬀect could be boosted
by the kind of changes, especially caused by the challenges of new technologies and software
that cause problems for older workers as stated by e.g. de Koning and Gelderblom (2006) and
Schleife (2006) or Borghans and ter Weel (2002), who ﬁnd that employees being older than
30 years have lower ICT-skills. Secondly, older ﬁrms which mainly employ older workers with
longer job tenure may be more traditional and therefore less inclined to innovate or to change
the working routine at all. This explanation, however, can be excluded, since the consideration
of ﬁrm age in the estimation does not change the results (see Tables 4.1 and A.5 - A.8 in the
appendix).
Table 4.2 shows the marginal eﬀects of the Probit estimations of the age distribution of the
workforce measured by the Herﬁndahl index.14 The coeﬃcient as well as the marginal eﬀect of
the Herﬁndahl index, however, is not statistically signiﬁcant except for the fourth speciﬁcation,
where it is only signiﬁcant at the ten percent level. Although the age of the workforce seems
to matter, its structure, means the distribution of the age of the workforce, however, has no
signiﬁcant impact on the probability of adopting new technologies. Regarding the descriptive
statistics which suggested that there is no diﬀerence in the distribution of the age of the work-
force, this result is not that surprising.
Each last column of Tables A.5 - A.8 in the appendix shows the estimated coeﬃcient of the
interaction eﬀect between the proportion of employees of a particular age group and the dummy
variable enhancement of teamwork. Table 4.3 shows the correct marginal eﬀect of the interac-
tion eﬀects (see equation 6). Only the interaction term between the proportion of employees
younger than 30 years and the proportion of employees between 40 and 55 years is statistically
signiﬁcant. The interaction term between enhancement of teamwork and employees younger
than 30 years is negatively related to the probability of adopting new technologies. Younger
workers, especially when they have a short tenure may be more uncomfortable in a team, where
hierarchies are often ﬂatter, and prefer working alone with clear instructions from a higher hi-
erarchy level. As younger employees seem to be more comfortable with the use of ICT and
more adaptive concerning new technologies they might need less help or support from a team.
The interaction between enhancement of teamwork and the proportion of employees between 40
and 55 years is positively related to the probability of adopting new technologies. Due to the
mentioned complementarities between the human capital of older and younger workers, employ-
ees aged between 40 and 55 years may beneﬁt from the ICT knowledge of the younger workers
14The coeﬃencts of the estimation results are shown in Table A.9 in the appendix.
13Table 4.2: Marginal eﬀects of Probit Estimations: age concentration
dependent variable: dummy for adoption of new technologies
(1) (2) (3) (4)
Herﬁndahl index -0.065 -0.092 -0.218 -0.375∗
(0.219) (0.235) (0.235) (0.223)
ﬁrm size (log. number of employees) 0.033 0.017 -0.013 -0.027
(0.026) (0.028) (0.028) (0.029)
share of highly qualiﬁed employees 0.029 -0.002 0.004 0.026
(0.104) (0.116) (0.115) (0.113)
ﬁrm age 0.004 0.004 0.005∗∗
(0.003) (0.003) (0.002)
exporter yes/no 0.006 -0.021 -0.021
(0.064) (0.065) (0.061)
foreign competitors yes/no 0.082 0.056 0.025
(0.060) (0.063) (0.062)
change of customer requirements yes/no 0.250∗∗∗ 0.202∗∗∗
(0.065) (0.065)
enhancement of teamwork yes/no 0.126∗∗ 0.068
(0.058) (0.058)
product innovation yes/no 0.335∗∗∗
(0.061)
number of observations 356 320 284 259
McFadden R2 0.03 0.04 0.11 0.21
Signiﬁcance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1% heteroscedasticity-robust standard errors
if they work in a team with younger colleagues. However, the data do not provide details on
the composition of the working teams. Furthermore, employees of this age are supposed to be
more experienced and may proﬁt from sharing their knowledge with colleagues when it comes
to technology adoption.
The detailed interpretation of the interaction eﬀect is based on Figure A.3 in the appendix.15
For each interaction eﬀect two graphs are presented. The ﬁrst graph plots two eﬀects: the inter-
action eﬀect for each observation and the marginal eﬀect calculated by the conventional linear
method against predicted probabilities. The second graph of each interaction eﬀect plots the
z-statistics for each observation against predicted probabilities.
Table 4.3: Interaction eﬀects: enhancement of teamwork and age groups
Interaction mean mean mean
between enhanced teamwork and ... int. eﬀect std. error z-statistic
...proportion of employees younger than 30 years -0.655 0.319 -1.951
...proportion of employees between 30 and 40 years 0.095 0.350 0.272
...proportion of employees between 40 and 55 years 0.731 0.320 2.290
...proportion of employees older than 55 years -0.600 0.479 -1.214
15Only the signiﬁcant eﬀects are reported.
14As the upper left graph in Figure A.3 in the appendix shows, ﬁrms with a higher proportion
of workers younger than 30 years, which have enhanced teamwork in the last three years are
less likely to adopt new technologies than ﬁrms that have not enhanced teamwork. This ef-
fect is lower for ﬁrms whose probability to adopt new technologies or software is rather low or
rather high in absolute terms and higher for ﬁrms whose probability to adopt new technologies
or software is around 0.5. The eﬀect, however, is only signiﬁcant for the latter ﬁrms, as can
be seen in the upper right graph in Figure A.3 in the appendix. The eﬀect is only signiﬁcant
for those ﬁrms whose predicted probability lies between 0.3 and 0.9. This means that ﬁrms
which are very likely or very unlikely to adopt new technologies are not aﬀected by the joint
impact of the age groups and the enhancement of teamwork. Regarding the interaction between
the enhancement of teamwork and the proportion of employees between 40 and 55 years, the
interaction eﬀect is reverse. Firms that have enhanced teamwork in the last three years and
have a higher proportion of employees between 40 and 55 years are more likely to adopt new
technologies compared to ﬁrms that have not enhance teamwork. This eﬀect is higher for ﬁrms
whose probability to adopt new or signiﬁcantly improved technologies is about 0.5 (see lower left
graph in Figure A.3 in the appendix). Nevertheless, only ﬁrms that have a predicted probability
to adopt new technologies between 0.25 and 0.85 have statistically signiﬁcant eﬀects, as can be
seen in the lower right graph in Figure A.3 in the appendix. In that case as well the ﬁrms that
are very likely or unlikely to adopt new technologies are not aﬀected by the joint impact of age
and teamwork.
The empirical results on the interaction eﬀects suggest that the age structure of ﬁrms has to be
combined with appropriate workplace organizations in order to keep up with the technological
development. The combination of workers younger than 30 years and enhanced teamwork as
a tool of workplace organization is negatively related to the probability of adopting new tech-
nologies, whereas the combination of workers between 40 and 55 years and enhanced teamwork
is positively related to that probability. At ﬁrst sight this seems to contradict former empirical
evidence from the manufacturing sector. It ﬁnds that workplace reorganization is negatively
related to the proportion of older employees in ﬁrms (e.g. Beckmann 2005, Aubert, Caroli, and
Roger 2006) and therefore suggests that older employees and innovative workplace practices are
no suitable match. However, the results presented here are considering service sector ﬁrms in-
stead of ﬁrms belonging to the manufacturing sector. The classiﬁcation of the age groups diﬀers.
Beckmann (2005) or Aubert, Caroli, and Roger (2006) ﬁnd the negative eﬀect for workers being
50 years or older whereas here it is the group of employees between 40 and 55 years that is pos-
itively linked with teamwork. Furthermore, ﬁrms that are very likely or very unlikely to adopt
new technologies are not aﬀected by the joint impact of enhanced teamwork and workers being
younger than 30 years or between 40 and 55 years respectively. And this is also the interesting
point in this result. It suggests that only those ﬁrms that are not determined in adopting new
technologies or in not adopting them from the beginning can increase their probability to adopt
new technologies by taking the age structure and the appropriate workplace organization in
terms of teamwork into account. As technology adoption is a key factor in staying competitive
the results suggest that ﬁrms with a high share of employees being younger than 30 years should
15abstain from enhancing teamwork whereas ﬁrms with a high proportion of employees between
40 and 55 years should enhance teamwork.
Besides the age of the workforce the adoption of new or signiﬁcantly improved technologies is
simultaneously aﬀected by some other factors. The analysis however reveals that not all of the
variables controlled for are signiﬁcant. It can be seen that changed customer requirements pos-
itively aﬀect the probability of adopting new or signiﬁcantly improved technologies. Firms that
had to face changed market or customer requirements within the last three years are more likely
to adopt new technologies (see e.g. the last two columns of Tables 4.1 and 4.2). This result seems
plausible since the provision of knowledge-intensive services and ICT services comes along with
a high degree of interaction with clients and customers respectively (Koch and Strotmann 2006).
On the other hand, the ﬁrms analyzed in this study are mostly small and medium-sized ﬁrms.
De Jong and Brouwer (1999) ﬁnd in their literature review that the customer information and a
close cooperation is one of the main sources for (product) innovation in SMEs. Since, especially
in the service sector, a change in the operating process through new methods (in this case par-
ticular new information and communication technologies) may lead to improved services, the
inﬂuence of customer requirements is indispensable.
The enhancement of teamwork in the last three years as a tool of workplace organization is posi-
tively related to the probability of adopting new technologies at the ﬁrm-level (see fourth column
of Tables 4.1 and 4.2). This is in line with empirical analyses that arrive at the conclusion that
the workplace organization matters in the context of innovation probability. Webster (2004) or
Zoghi, Mohr, and Meyer (2007) for example ﬁnd that the extent of innovation, i.e. the probabil-
ity of innovation, is higher in ﬁrms that have a stronger communication between management
and workers or decentralized structures and information-sharing. The same conclusions are
drawn by Gera and Gu (2004), who show that measures beyond information-sharing programs
like human resource management practices, including self-directed work groups (teamwork) sig-
niﬁcantly enhance the probability of introducing process innovations. However, the eﬀect of
enhanced teamwork turns to be insigniﬁcant if the dummy variable presenting product inno-
vation is considered. This suggests that in general innovative ﬁrms also tend to be innovative
regarding their workplace organization.
The introduction of product innovations is positively related to the likelihood of adopting new
technologies and software. Firms that oﬀer new services are more likely to adopt new tech-
nologies (see last column of Tables 4.1 and 4.2). On the one hand, this can be explained by a
generally higher willingness of the ﬁrm to innovate or renew the operating process itself. On
the other hand, product innovations and process innovations in the services sector cannot be
easily distinguished. A process innovation, as the adoption of new or signiﬁcantly improved
technologies, allows to improve the quantity or quality of a provided service by keeping the
input constant, reducing the supply costs or accelerating the process (Hempell 2003). This
change in the provided service, caused by a process innovation, can in turn be interpreted as
product innovation. The data do not oﬀer apropriate instruments to control for endogeneity or
16simultaneity problems arising in this context.
To a certain extent the ﬁrm age is also positively related to the probability of adopting new
technologies. Firms that are older are more likely to adopt new or signiﬁcantly improved tech-
nologies (see Table 4.1). One reason for this may be that newly founded ﬁrms start with the
latest technology. Another reason could be that older ﬁrms have more capital and are therefore
more likely to invest in new technologies.
5 Conclusion
Using a cross-sectional data set of 356 ﬁrms of the German ICT and knowledge-intensive service
providers in the year 2005 this paper provides empirical evidence that the age of the workforce
is negatively related to the probability of adopting new or signiﬁcantly improved technologies
in service sector ﬁrms. Firms with a higher proportion of younger employees are more likely to
adopt new technologies than ﬁrms with an older workforce. Furthermore, the older the work-
force the less likely ﬁrms are to adopt new technologies. Since the adoption of new technologies,
especially ICT, can be regarded as an innovation in the sectors of ICT and knowledge-intensive
services, the results are in line with previous literature that provides evidence for the impact
of the age of the workforce on the probability of technological change and innovations in the
manufacturing industries. The structure of the age of the workforce, means the distribution of
the age, however, has no signiﬁcant relation to the adoption of new technologies.
On the one hand, the use of innovative workplace practices may provide a better environment for
the adoption of new technologies and the relationship between ICT and workplace organization
is complementary. On the other hand, innovative workplace practices are negatively related to
the employment of older workers. Therefore, this paper closes a reserach gap by analyzing the
joint impact of enhanced teamwork and the share of employees belonging to four diﬀerent age
groups. The results exhibit contrary eﬀects. Firms that have enhanced their teamwork and have
a high proportion of workers younger than 30 years are less likely to adopt new technologies than
ﬁrms that did not change their workplace organization. Firms that have enhanced teamwork
and have a higher proportion of employees between 40 and 55 years are more likely to adopt
new technologies compared to ﬁrms without workplace reorganization. This result, however,
is only signiﬁcant for some ﬁrms in the sample, depending on their predicted probability to
adopt new technologies. This means that ﬁrms which are very likely or very unlikely to adopt
new technologies are not aﬀected by the joint impact of the age groups and the enhancement
of teamwork. It seems that ﬁrms with a certain age structure of the workforce need appro-
priate workplace organization to keep up with the technological development. As technology
adoption is a key factor in staying competitive the results suggest that ﬁrms from the ICT and
knowledge-intensive service sectors with a high share of employees being younger than 30 years
should abstain from enhancing teamwork whereas ﬁrms with a high proportion of employees
between 40 and 55 years should enhance teamwork.
Finally, the analyses show that there are further factors aﬀecting the adoption of new or signif-
17icantly improved technologies. The ﬁrm age, to a certain extent the enhancement of teamwork,
the introduction of product innovation and the change of market and customer requirements are
positively related to the probability of technology adoption in ICT and knowledge-intensive ser-
vice sector ﬁrms. Especially the relationships between technology adoption and changed market
or customer requirements as well as product innovation seem to be very robust. As the ana-
lyzed ﬁrms belong to the ICT and knowledge-intensive service sectors and are mainly small and
medium-sized they depend to a great extent on the interaction with their clients and customers
and a close cooperation with them. Thus, new or changed requirements will lead to new ser-
vices, that is product innovation. Or it will lead to changed or improved services which might be
reached by process innovation, in these sectors that is the adoption of new technologies. Further
research on technology adoption in service sector ﬁrms and especially in the ICT and knowldege
intensive service sectors should therefore focus on this relation. The impact, its extent and the
diﬀerent facets of product innovation as well as the customers and their interaction should be
analyzed to learn more about the determinants of technology adoption. All the more as the
skills of the employees and the external environment of the ﬁrm in terms of competition and
exporting do not seem to matter.
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22A Appendix
The ZEW quarterly business survey among service providers of the information society includes
the following industries (codes of the German Classiﬁcation of Economic Activities, Edition
2003 in parentheses): software and IT services (71.33.0, 72.10.0-72.60.2), ICT-specialized trade
(51.43.1, 51.43.3-3.4, 51.84.0, 52.45.2, 52.49.5-9.6), telecommunication services (64.30.1-0.4),
tax consultancy and accounting (74.12.1-2.5), management consultancy (74.11.1-1.5, 74.13.1-
3.2, 74.14.1-4.2), architecture (74.20.1-0.5), technical consultancy and planning (74.20.5-0.9),
research and development (73.10.1-73.20.2) and advertising (74.40.1-0.2). Table A.1 shows, how
the industries are distributed in the sample.
Table A.1: Distribution of industries in the sample
Industry Percentage
software and IT services 9.55
ICT-specialized trade 17.13
telecommunication services 3.93
tax consultancy and accounting 17.13
management consultancy 8.43
architecture 13.76
technical consultancy and planning 11.80
research and development 12.08
advertising 6.18
sum 100
Source: ZEW, own calculations
Table A.2: Summary statistics
Variable Number Mean
of observations
process innovation 356 0.5112
proportion of employees younger than 30 years 356 0.2216
proportion of employees between 30 and 40 years 356 0.3263
proportion of employees between 40 and 55 years 356 0.3423
proportion of employees older than 55 years 356 0.1098
Herﬁndahl index 356 0.4128
proportion of highly qualiﬁed employees 356 0.3785
enhancement of teamwork 321 0.3988
change of customer requirements 318 0.6761
ﬁrm size (number of employees) 356 36.8
ﬁrm age 351 15.9
foreign competitors 330 0.5273
product innovation 319 0.5047
exporter 347 0.3516
East Germany 356 0.2556
Source: ZEW, own calculations
iFigure A.1: Proportion of ﬁrms that adopted new technologies by sectors
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software and IT services
Source: ZEW, own calculations
Table A.3: Development of percentage shares of age groups
Year Variable Obs Mean Std. Dev. Min. Max.
share of empl. below 30 years 391 0.240 0.201 0 1
share of empl. between 30 and 40 years 391 0.333 0.197 0 1
share of empl. between 40 and 55 years 391 0.327 0.225 0 1 2002
share of empl. above 55 years 391 0.100 0.147 0 1
share of empl. below 30 years 437 0.224 0.187 0 1
share of empl. between 30 and 40 years 437 0.322 0.204 0 1
share of empl. between 40 and 55 years 437 0.354 0.248 0 1 2003
share of empl. above 55 years 437 0.100 0.151 0 1
share of empl. below 30 years 406 0.243 0.213 0 1
share of empl. between 30 and 40 years 406 0.328 0.199 0 1
share of empl. between 40 and 55 years 406 0.329 0.225 0 1 2004
share of empl. above 55 years 406 0.101 0.136 0 0.75
share of empl. below 30 years 362 0.216 0.192 0 1
share of empl. between 30 and 40 years 362 0.317 0.195 0 1
share of empl. between 40 and 55 years 362 0.355 0.224 0 1 2005
share of empl. above 55 years 362 0.112 0.145 0 1
Source: ZEW business survey among the “service providers of the information society” 2002,
2003, 2004, 2005 (in each case 3rd quarter)
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Source: Own calculations based on estimation of speciﬁcation (5), 259 observations
iiiTable A.4: Coeﬃcients of Probit Estimations: proportions of age groups
dependent variable: dummy for adoption of new technologies
proportion of employees younger than 30 years reference category
proportion of employees between 30 and 40 years -0.912∗ -0.931∗ -1.003∗ -1.063∗
(0.468) (0.491) (0.569) (0.617)
proportion of employees between 40 and 55 years -0.991∗∗ -1.100∗∗ -1.132∗∗ -1.324∗∗
(0.426) (0.445) (0.505) (0.520)
proportion of employees older than 55 years -1.751∗∗∗ -1.918∗∗∗ -2.134∗∗∗ -2.146∗∗∗
(0.628) (0.656) (0.744) (0.810)
ﬁrm size (log. number of employees) 0.044 0.023 -0.033 -0.065
(0.064) (0.071) (0.078) (0.088)
proportion of highly qualiﬁed employees 0.171 0.132 0.127 0.138
(0.275) (0.308) (0.339) (0.376)
ﬁrm age -0.0005 -0.001 0.007
(0.005) (0.005) (0.007)
exporter yes/no -0.008 -0.120 -0.119
(0.173) (0.189) (0.205)
foreign competitors yes/no 0.195 0.134 0.110
(0.160) (0.181) (0.203)
change of customer requirements yes/no 0.682∗∗∗ 0.645∗∗∗
(0.180) (0.201)
enhancement of teamwork yes/no 0.381∗∗ 0.234
(0.172) (0.189)
product innovation yes/no 0.933∗∗∗
(0.190)
number of observations 356 322 286 260
McFadden R2 0.05 0.06 0.13 0.22
Signiﬁcance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1% heteroscedasticity-robust standard errors
ivTable A.5: Coeﬃcients of Probit Estimations: proportion of employees younger than 30 years
dependent variable: dummy for adoption of new technologies
(1) (2) (3) (4) (5)
proportion of employees younger than 30 years 1.123∗∗∗ 1.408∗∗∗ 1.437∗∗∗ 1.657∗∗∗ 2.656∗∗∗
(0.383) (0.400) (0.469) (0.497) (0.662)
ﬁrm size (log. number of employees) 0.057 0.005 -0.051 -0.073 -0.091
(0.063) (0.070) (0.078) (0.087) (0.087)
proportion of highly qualiﬁed employees 0.197 0.180 0.180 0.232 0.257
(0.272) (0.308) (0.338) (0.382) (0.388)
ﬁrm age 0.013 0.014∗ 0.019∗∗ 0.021∗∗
(0.008) (0.008) (0.009) (0.009)
exporter yes/no -0.007 -0.091 -0.113 -0.153
(0.172) (0.188) (0.202) (0.204)
foreign competitors yes/no 0.192 0.132 0.071 0.066
(0.159) (0.179) (0.200) (0.200)
change of customer requirements yes/no 0.705∗∗∗ 0.659∗∗∗ 0.763∗∗∗
(0.182) (0.201) (0.210)
enhancement of teamwork yes/no 0.323∗ 0.189 0.721∗∗
(0.171) (0.187) (0.304)
interaction -2.283∗∗
teamwork*proportion of employees younger than 30 (0.951)
product innovation yes/no 0.957∗∗∗ 0.938∗∗∗
(0.190) (0.189)
number of observations 356 320 284 259 259
McFadden R2 0.05 0.07 0.14 0.23 0.24
Signiﬁcance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1% heteroscedasticity-robust standard errors
vTable A.6: Coeﬃcients of Probit Estimations: proportion of employees between 30 and 40 years
dependent variable: dummy for adoption of new technologies
(1) (2) (3) (4) (5)
proportion of employees between 30 and 40 years 0.020 0.162 0.094 0.066 -0.034
(0.365) (0.398) (0.447) (0.493) (0.566)
ﬁrm size (log. number of employees) 0.095 0.053 -0.010 -0.028 -0.029
(0.062) (0.068) (0.075) (0.085) (0.085)
proportion of highly qualiﬁed employees 0.061 -0.043 -0.040 -0.016 -0.028
(0.271) (0.306) (0.333) (0.367) (0.364)
ﬁrm age 0.010 0.011 0.016∗∗ 0.017∗∗
(0.008) (0.008) (0.008) (0.008)
exporter yes/no 0.018 -0.070 -0.084 -0.084
(0.169) (0.186) (0.199) (0.199)
foreign competitors yes/no 0.216 0.171 0.106 0.106
(0.158) (0.177) (0.195) (0.195)
change of customer requirements yes/no 0.682∗∗∗ 0.606∗∗∗ 0.609∗∗∗
(0.179) (0.19) (0.199)
enhancement of teamwork yes/no 0.366∗∗ 0.245 0.148
(0.170) (0.187) (0.393)
interaction 0.302
teamwork*proportion of employees between 30 and 40 (1.104)
product innovation yes/no 0.930∗∗∗ 0.931∗∗∗
(0.187) (0.187)
number of observations 356 320 284 259 259
McFadden R2 0.03 0.04 0.11 0.20 0.20
Signiﬁcance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1% heteroscedasticity-robust standard errors
viTable A.7: Coeﬃcients of Probit Estimations: proportion of employees between 40 and 55 years
dependent variable: dummy for adoption of new technologies
(1) (2) (3) (4) (5)
proportion of employees between 40 and 55 years -0.454 -0.700∗ -0.665∗ -0.815∗ -1.537∗∗∗
(0.342) (0.371) (0.405) (0.421) (0.514)
ﬁrm size (log. number of employees) 0.082 0.036 -0.030 -0.050 -0.059
(0.063) (0.069) (0.077) (0.086) (0.087)
proportion of highly qualiﬁed employees 0.055 -0.016 -0.016 0.013 0.058
(0.269) (0.305) (0.334) (0.375) (0.371)
ﬁrm age 0.012 0.012 0.018∗∗ 0.019∗∗
(0.008) (0.008) (0.008) (0.008)
exporter yes/no 0.037 -0.062 -0.082 -0.121
(0.170) (0.186) (0.200) (0.202)
foreign competitors yes/no 0.182 0.137 0.069 0.066
(0.159) (0.180) (0.199) (0.202)
change of customer requirements yes/no 0.689∗∗∗ 0.613∗∗∗ 0.695∗∗∗
(0.180) (0.199) (0.205)
enhancement of teamwork yes/no 0.358∗∗ 0.237 -0.550
(0.169) (0.184) (0.355)
interaction 2.390∗∗
teamwork*proportion of employees between 40 and 55 (0.925)
product innovation yes/no 0.947∗∗∗ 0.940∗∗∗
(0.188) (0.189)
number of observations 356 320 284 259 259
McFadden R2 0.03 0.05 0.12 0.21 0.23
Signiﬁcance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1% heteroscedasticity-robust standard errors
viiTable A.8: Coeﬃcients of Probit Estimations: proportion of employees older than 55 years
dependent variable: dummy for adoption of new technologies
(1) (2) (3) (4) (5)
proportion of employees older than 55 years -1.203∗∗ -1.535∗∗ -1.686∗∗ -1.597∗∗ -0.815
(0.571) (0.609) (0.687) (0.771) (0.910)
ﬁrm size (log. number of employees) 0.070 0.024 -0.036 -0.048 -0.050
(0.063) (0.070) (0.076) (0.086) (0.085)
proportion of highly qualiﬁed employees 0.065 -0.029 -0.056 -0.051 -0.086
(0.269) (0.304) (0.333) (0.370) (0.371)
ﬁrm age 0.012 0.013 0.018∗∗ 0.019∗∗
(0.008) (0.008) (0.008) (0.009)
exporter yes/no -0.025 -0.120 -0.130 -0.128
(0.170) (0.188) (0.201) (0.203)
foreign competitors yes/no 0.229 0.176 0.118 0.108
(0.158) (0.177) (0.195) (0.195)
change of customer requirements yes/no 0.672∗∗∗ 0.597∗∗∗ 0.598∗∗∗
(0.181) (0.201) (0.203)
enhancement of teamwork yes/no 0.396∗∗ 0.269 0.469∗∗
(0.168) (0.182) (0.229)
interaction -2.011
teamwork*proportion of employees older than 55 (1.507)
product innovation yes/no 0.915∗∗∗ 0.935∗∗∗
(0.187) (0.189)
number of observations 356 320 284 259 259
McFadden R2 0.04 0.06 0.13 0.21 0.22
Signiﬁcance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1% heteroscedasticity-robust standard errors
viiiTable A.9: Coeﬃcients of Probit Estimations: age concentration
dependent variable: dummy for adoption of new technologies
Herﬁndahl index -0.170 -0.240 -0.622 -1.214
(0.569) (0.618) (0.675) (0.738)
ﬁrm size (log. number of employees) 0.087 0.044 -0.037 -0.087
(0.068) (0.073) (0.081) (0.094)
proportion of highly qualiﬁed employees 0.074 -0.004 0.012 0.083
(0.269) (0.304) (0.330) (0.366)
ﬁrm age 0.010 -0.011 0.016∗∗
(0.008) (0.008) (0.008)
exporter yes/no 0.016 -0.062 -0.070
(0.168) (0.186) (0.200)
foreign competitors yes/no 0.214 0.159 0.080
(0.158) (0.178) (0.199)
change of customer requirements yes/no 0.690∗∗∗ 0.618∗∗∗
(0.179) (0.200)
enhancement of teamwork yes/no 0.353∗∗ 0.215
(0.168) (0.184)
product innovation yes/no 0.970∗∗∗
(0.189)
number of observations 356 320 284 259
McFadden R2 0.03 0.04 0.11 0.21
Signiﬁcance levels : ∗ : 10% ∗∗ : 5% ∗ ∗ ∗ : 1% heteroscedasticity-robust standard errors
ix